Introduction
Irrigation farms within the southern Murray-Darling Basin (sMDB) have been subject to a wide range of climate, market and policy shocks over the last decade. Firstly, there have been dramatic variations in water availability including the Millennium drought and subsequent floods, along with a longer-term trend toward reduced winter rainfall in the region related to climate change (BOM, CSIRO 2012) . In addition, changes in commodity prices and technology have transformed the irrigation sector, leading to expansions in some sectors (e.g., nuts and cotton) and contractions in others (e.g., grapes and dairy). At the same time, there have been a number of government policies associated with the Murray-Darling Basin Plan, focused on recovering water from irrigation farms for environmental uses.
As a result there is much interest in measuring and separating the effects of different climate, market and policy shocks on the profitability of irrigation farms in the sMDB. This report presents a new micro-simulation model of irrigation farms in the sMDB, developed using ABARES farm survey data. This model simulates farm input use, output supply, revenue, cost and profit, given fixed inputs (e.g., land and capital), climate conditions (e.g., rainfall), input prices (e.g., the price of water) and output prices.
The model is estimated using a sample of 3,627 irrigation farms in the sMDB between the period 2006-07 and 2014-15. The model includes four irrigation industries or farm types: dairy, horticulture, broadacre (rice) and broadacre (non-rice). For each of these industries a set of input demand and output supply functions are estimated econometrically. These functions are then combined into a micro-simulation model. Taking the 2014-15 surveyed farms as a baseline, the model simulates changes in input use, output supply and profit in response to a given exogenous shock.
The model has a range of potential applications. In particular, the model can be used to assess the effects on farm output, input and profit of changes in water market prices, due either to changes in climate or water policy. To this end, the micro-simulation model complements ABARES recently developed Water Trade Model (WTM) (Gupta et al. 2018) . For example, the WTM model could be used to simulate the effects on water market prices of changes in policy (i.e., environmental water recovery), these results could then be applied to the micro-simulation model to measure effects on irrigation farm profitability. The model could equally be applied to simulate changes in other exogenous variables, such as the price of key outputs (such as rice, milk or grapes) or changes to climate (farm rainfall).
Similar to the WTM, the micro-simulation model is short-run in nature, simulating annual changes in farm production holding farm land areas and infrastructure fixed. The microsimulation model is designed to take account of the different types of short-run farm responses observed across irrigation industries. For example, in response to water price increases dairy farms have the ability to substitute irrigation water for livestock fodder. Broadacre farms have flexibility in the short-run to vary crop areas and therefore water requirements, while horticulture farms have limited flexibility due to their permanent tree plantings.
This report begins with a description of the data. Section 3 then provides a brief overview of the model structure and the econometric estimation process (a complete treatment of the model is presented in Appendix A). Section 4 demonstrates the micro-simulation model for an arbitrary 30 per cent water price increase scenario, presenting results for average farm changes in input, output and profit in each industry. Finally Section 5 offers some conclusions and outlines some options for further research.
Data

ABARES Murray-Darling Basin Irrigation Survey (MDBIS)
The data for this study is drawn primarily from the ABARES Murray-Darling Basin Irrigation Survey (MDBIS). The MDBIS is an annual survey of irrigated dairy, broadacre and horticulture farms throughout the MDB commencing in 2006-07. The survey includes farm-level physical and financial data, including land area and value, crop and livestock production and sales, irrigation water use, farm receipts and costs, farmer characteristics, debt and farm capital. More detail about ABARES survey methods can be found in Ashton and Oliver (2011) and Ashton et al. (2013) . Note that the statistics presented throughout this report differ from those in ABARES main farm survey publications due to differences in methodology (including for example treatment of outliers and the use of survey weights).
The survey provides coverage of three industry categories: dairy, horticulture and broadacre. In this study, we further separate broadacre farms into rice and non-rice farms. Here, rice farms are those deemed to have the capacity to produce rice (based on their location and production history). Rice farms operate on an opportunistic basis and so may not necessarily plant rice crops each year. 
Map 1 Microsimulation regions
The data set used to estimate the model defines a total of 12 outputs and 4 variable inputs, along with a range of fixed inputs and other control variables. As shown in Figure 2 different sets of outputs and inputs are defined for each industry. Each of these outputs and inputs are detailed further below.
Figure 2 Key variables in the irrigation micro-simulation model
Output quantities Table 1 provides summary statistics for outputs in each industry over the whole survey period. In the dairy industry, two outputs are defined: milk and dairy cattle. Milk output is measured as litres of milk produced. Dairy cattle output is measured as the number of cattle sold plus closing numbers minus opening numbers.
In the broadacre (rice) industry, three outputs are defined: rice, broadacre crops (including wheat) and livestock. Aside from livestock, all outputs are measured in number of tonnes produced. Livestock is measured as the number of animals sold plus the difference between the closing and opening numbers. Broadacre (non-rice) farms includes a similar set of outputs to rice farms, however rice production is excluded as an output.
In the horticulture industry, seven outputs are defined: pome fruit (for example, apples, pears and nashi fruits), stone fruit (for example, peaches, nectarines and plums), citrus fruit, table grapes, wine grapes, vegetables and other horticulture products. All horticultural outputs are measured in number of tonnes produced. Table 2 provides summary statistics of variable inputs by industry. In all industries, the model includes three variable inputs: hired labour, water and materials and services (for example fertiliser, electricity and fuel). Materials and services do not include interest payments. Fodder is also included in the dairy industry to account for the potential substitution between fodder and water.
Variable input quantities
Hired labour is measured in number of weeks worked and includes both permanent and casual farm labour. Family labour is not included as a variable input but is used as a control variable. The quantity of water is measured as total megalitres of water used in production. The quantity of materials and services used is calculated by dividing total expenditure on materials and services by ABARES weighted materials and services price index. Fodder is measured by dividing fodder expenditure by ABARES price index for fodder. 
Fixed inputs and exogenous variables
The micro-simulation model also includes other independent variables that can affect input demand and output supply, shown in Table 3 . That is inputs which are assumed to be fixed in the short run.
Fixed inputs
Following Arnade and Kelch (2007) , this study includes family labour, land, capital and opening livestock numbers as fixed inputs.
Family labour is measured as the number of family members working on the farm.
Land is measured as the total opening number of hectares under operation for a given financial year. In the horticulture industry, the area of land allocated to each output is fixed in the medium term so ABARES has used area of land operated for each output in the output equations.
Capital is measured as the total opening value of vehicles, machinery and equipment used on the farm. Farms where a zero value has been recorded for capital are assumed to be data collection errors. These observations are replaced with an imputed value rather than being removed. This is to maintain as much of the initial sample as possible, as the farm production model requires a relatively large sample size to work effectively. The imputed value is calculated as the difference between total farm capital (which includes land, water entitlements and other capital) and the value of land and water entitlements.
Sheep, beef and dairy cattle are measured in numbers of animals at the beginning of the financial year.
Exogenous variables
The data set contains a range of control variables, including water entitlement holdings, rainfall, region, education and age. The same control variables are applied to all industries, unless otherwise indicated.
Water entitlements are measured as the market value of water entitlements at the beginning of the financial year.
Rainfall is measured as total millilitres of annual rainfall on farm. This data is obtained by mapping the location of farms to spatial rainfall data from the Australian Water Availability Project (AWAP) (csiro.au/awap).
Education identifies if the farm operator has completed a tertiary education qualification at the time of the survey. Age is the age of the farm operator at the time of the survey.
Region is defined as the geographical catchment area where a farm is located as shown in (Map 1). The hired labour price is calculated as the ratio of wages paid to the quantity of hired labour in weeks using ABARES MDBIS data. The median price of labour is used as the predicted price because the distribution of the wage rate is highly skewed.
Variable input prices
Other input price indices are sourced from a combination of published data, including data published by the ABS and ABARES. The list of indices used includes: fodder; fuel; electricity; seed; chemicals and fertiliser. ABARES has previously published these estimates for Meat & Livestock Australia's 'Beef Producer Price Index', and they underlie ABARES estimates of total factor productivity in agriculture. The fodder index is only used for the dairy industry. For all industries, the price index for materials and services is calculated as the expenditure-weighted average of the price indices for fertiliser, electricity, chemicals, fuel, seed and other non-water materials and services. 3 Model structure and estimation
Model structure
The irrigation farm micro-simulation model involves a series of input demand / output supply (or 'netput') functions. Each of these functions predicts the use of a specific input (supply of an output) as a function of input and output prices, fixed inputs and other control variables. Each of the four defined industries (dairy, horticulture, broadacre-rice and, broadacre-non-rice) are modelled separately.
A basic outline of the theoretical framework of the model is provided in figure 4 below, and described further in Appendix A. This framework assumes that each farm input and output choices are made to maximize short-run (annual) profit, taking fixed inputs (such as land and capital) as given. More specifically the approach derives the netput functions from a standard 'normalised quadratic profit function'.
In this study, the profit function (and resulting netput functions) are specified on a 'per hectare' basis for the horticulture and the dairy. Output and input variables are divided by total area operated for the dairy industry and by total horticultural area for the horticultural industry. This approach helps take account of the important effects of farm size on input and output responses.
Broadacre farms (rice and non-rice) are not modelled on a per hectare basis. With broadacre farms area operated is a relatively poor indicator of farm scale, given that land use intensity (e.g., proportion of land area cropped / irrigated) can vary dramatically between farms. For this reason, modelling aggregate, rather than per hectare outputs in the broadacre industry tends to improve the fit of the model.
Figure 4 Farm production and micro-simulation model setup
Estimation
For each industry type, the system of netput functions is estimated via three stage least squares regression (Woolridge 2012). Further detail on the econometric estimation can be found in appendix A. The full set of parameter estimates and standard errors are presented in appendix B, while the full set of own and cross-price elasticities are presented in appendix C. Table 4 below, presents the own price elasticities of water for each industry, these figures estimate the average change in water demand across all farms to a 1 per cent increase in the price of water.
Water price elasticities
The own price elasticities for water show that the demand for water on broadacre (rice) farms is more elastic (more sensitive to a change in price) than those in the dairy industry, which are more elastic than horticulture farms. For example, all else held constant a 10 per cent increase in water price leads to an average 22.3 per cent reduction in water use on rice farms, compared with a 11.8 per cent for non-rice broadacre farms, 4.9 per cent on dairy farms and a close to 0 per cent reduction on horticulture farms. While the own price elasticity for horticultural farms is positive, the p value is insignificant, meaning the model essentially estimates an inelastic production response in the short run.
This is expected given that broadacre farms have much more flexibility to vary production and crop areas on an annual basis, while horticulture farms have little capacity to reduce water demand in the short-run, given the need to maintain permanent plantings. 
Water demand curves
The estimated parameters can be used to construct water demand curves, which show volume of water used by a farm for a range of possible water prices ( Figure 5 ) holding all other factors constant (at their mean values). In each industry, a unique water demand curve is calculated for four quartiles of area operated -quartile one representing the smallest farms and quartile four, the largest. The point where water use is zero shows the model's estimate of the maximum market price at which farms in each industry are willing to purchase water. In practice, this curve (and the maximum prices) will shift up or down depending on other factors, for example it will typically shift up when output prices are up.
Broadacre (rice-farms) are the most responsive to water price increases. Dairy is also relatively responsive, ceasing to purchase water between prices between $900 and $700 per ML depending on the farm size. Horticulture farms are most unresponsive to water price increases, with the model unable to pick up a demand response under the short period of data used in the model. For this reason, the horticulture demand curves shown are perfectly inelastic.
Given the 'per hectare' functional form, a unique water demand curve is specified for each farm in the dairy and horticulture industries, with large farms consuming more water at most prices, but all farms converging on similar maximum price points. For the broadacre industry, where estimation is not conducted on a per hectare basis, changes in farm size shift the water demand curve but do not change the slope. On broadacre (rice) farms, water demand actually decreases for farms with very large areas (which suggests that these farms commit only a small proportion of their total land area to irrigation). Overall the demand curves demonstrate the large effects that the assumed functional forms have on farm responses. Consideration of alternate function forms remains a subject for future research (see conclusions).
Figure 5 Water demand curves for quartiles of farm size, by industry
The water demand curves are calculated by taking the parameters of the linear water demand functions for each industry estimated in the farm production model, fixing all other variables at their mean values. The curves above give water demand in the Murrumbidgee region for dairy, Murrumbidgee for broadacre (rice), Vic Murray for horticulture and all regions for broadacre (non-rice).
Validation results
R 2 statistics (which measure the variation in each dependent variable captured by the explanatory variables included in the model) are presented in appendix D. The models explain 53 to 74 per cent of the variation in inputs and outputs in dairy; 37 to 67 per cent in the broadacre (rice), 43 to 69 per cent in the broadacre (non-rice) and 38 to 83 per cent in the horticulture industry. R 2 values are generally lower for input equations, particularly for labour demand. This can be at least partially explained by the large number of zero values for these variables. This is explored in more detail in appendix D, where the full R-squared values are presented, along with other model validation results including measures of monotonicity and convexity.
Actual and predicted values
The model can also be assessed by its ability to replicate annual historical variation. The figures below compare actual and model predicted median values of total cost, total revenue and profit in each year. The model does a reasonable job of matching annual trends in farm costs, however in some cases revenue and in turn profit predictions differ significantly from actuals. In particular, the model over estimates revenue and profit on dairy and rice farms in some years. 
Simulation model
The estimated input demand and output supply functions for each farm type are combined to form a micro-simulation model. Given scenario assumptions on fixed inputs, input and output prices and other control variables the model then simulates for each farm: input use and output supply. The changes to inputs and outputs are then aggregated to estimate responses to total costs, total revenue and profit. In the model, total profit is defined as the difference between total cost and total revenue, including the opportunity cost of water. As a result the model assumes that farmers pay for water use at the market price, rather than for the cost of delivering water alone. Profit also excludes any additional farm revenue streams outside of the variables included in the model as well as the effect of stocks in livestock or crops.
The simulation model produces results using the 2014-15 sample farms as a baseline. The model baseline scenario is defined by the model predictions for 2014-15 given the prices, climate conditions and other variables that applied during that year. Alternative scenarios are then constructed by varying one or more of the exogenous factors such as water prices. Appendix A also provides a more detailed description of the microsimulation model. 
Dairy farms
Output and input quantities Figure 11 shows weighted average farm-level estimates of changes in input and output quantities associated with a 30 per cent increase in allocation prices. The results suggest that dairy farmers will respond to the water price increase by reducing water use by 6.7 per cent and substituting towards fodder (up 2.5 per cent). Milk production is estimated to decrease by 1.1 per cent, while the model also shows a small increase in dairy cattle sales (up 1.1 per cent). Revenue, cost and profit Table 5 shows how the increase in water prices affect farm level costs, revenue and profit. Note that the baseline estimated revenue and profit levels from the model for 2014-15 are above actual observed values (as shown in Figure 6 ).
The results indicate that a 30 per cent increase in allocation prices could lead to a $51,103 (14.4 per cent) reduction in farm profit, with this loss driven by a $28,926 (21.3 per cent) increase in water costs, and an increase in fodder expenditure (up $12,223) . The increase in costs is only slightly offset by a decrease in labour costs (down $1,959). Despite a slight increase in dairy cattle sales, revenue decreases by $15,939 (0.9 per cent). 
Broadacre (rice) farms
Output and input quantities The results show that production declines in all outputs and inputs except for livestock. Rice production and other broadacre crops decrease on average by 9 and 9.9 per cent respectively. By contrast, livestock production increases by 2.2 per cent. This might reflect some expansion in dryland grazing activities as farmers reduce the area they use for irrigated crops. The results show that a 30 per cent increase in allocation price leads to a more substantial reduction in water use on broadacre (rice) farms (down by 9.5 per cent) than on dairy or horticultural farms. The results also show a reduction in demand for labour (down 10.2 per cent).
Figure 12 Percentage change in input and output quantities at the farm level, broadacre (rice) industry
Revenue, cost and profit Table 6 shows changes in total revenue, total cost and total profit. The results show that a 30 per cent increase in allocation price leads to a $74,270 (25 per cent) reduction in profit, with increased costs and lower revenue contributing to the decline. Total costs increase by $18,558 (2.8 per cent), largely due to the increase in water costs. The $28,581 (17.5 per cent) increase in water costs is offset to some extent by a $3,040 (10.2 per cent) reduction in labour costs. Revenue falls by $55,712 (5.9 per cent), with lower revenue from crop production outweighing the increase in revenue from livestock production. 
Broadacre (non-rice) farms
Output and input quantities Figure 13 shows weighted average farm-level estimates of changes in input and output quantities in the broadacre (non-rice) industry due to a 30 per cent increase in allocation price. It shows that water use declines while materials and services expenditure increases. Output production decreases to lesser extent than on rice farms with other broadacre crops decreasing by 3.1 per cent, while livestock production increases by 2.7 per cent. The largest reductions are in water use, which decreases by 6.6 per cent, slightly more than on broadacre (rice) farms. Revenue, cost and profit 
Horticulture farms
Output and input quantities The results suggest that higher water prices lead to slight reductions in some outputs: stone fruit (0.8 per cent), table grapes (0.09 per cent), other horticultural (0.09 per cent), citrus (0.08 per cent) production and slight increases in others: vegetables (0.02 per cent), pome fruit (0.4 per cent) and wine grape production (0.5 per cent). Higher water prices also appear to result in some substitution away from materials and services towards hired labour, though it is unclear why this is the case. Revenue, cost and profit Table 8 gives changes to total revenue, total cost and total profit on horticulture farms. Overall, the results suggest that the effects on costs and profit are much less significant than for dairy and broadacre farms, with costs and profit effectively unchanged (costs decrease 0.5 per cent) (profit increases 0.5 per cent). Water costs increase by $4,653 (29.9 per cent). The change in revenue is even smaller (decreasing $92).
The water cost presented in 
Profit change across the MDB
The map below shows percentage changes in profit for all industries across the southern Murray-Darling Basin, with darker red showing a greater negative change in profit than lighter red. The map reflects the pattern for each industry shown above: larger increases in total cost and larger decreases in profit for the relatively lower value industries, broadacre (rice and nonrice) farms. farms, water costs remain a relatively small part of total costs and so total profit does not decrease by as much for horticulturalists as for other producers.
Map 2 Estimated percentage change in profit for all industries
Conclusions
This report presented a micro-simulation model of irrigation farms in the sMDB, based on data from ABARES irrigation survey. The model can estimate farm level responses to exogenous shocks in the price of inputs, outputs or changes to climate. The model has a range of potential applications, such as examining the effects on irrigation farms of water policy reforms.
To demonstrate the model, we presented results for an arbitrary 30 per cent increase in the price of allocation water across the southern MDB. The results show the model is capable of representing the different types of responses expected on irrigation farms in different industries.
Broadacre farms are found to be the most responsive to increases in water prices (in terms of both changes in production and water demand). In contrast dairy farms, are more likely to maintain production in the short-run by substituting fodder and other inputs for irrigation water. Horticulture, farms are the least responsive to changes in water prices given their need to maintain permanent plantings. Horticulture farms tend to maintain water use and production in the face of water price increases, by incurring additional water costs. However, this has limited effect on profitability given that water costs area a relatively small percentage of total costs on horticulture farms. In contrast, water price increases have larger negative effects on profitability for dairy and rice farms.
While the responses of farms to changes in water prices broadly conform to expectations, the effect of other exogenous variables (i.e., input / output prices) are in some cases insignificant or outside of prior expectations. Further, while the model presents generally plausible average results, the predictions for individual farms are less realistic given the model's limited flexibility to account for farm heterogeneity (due to the assumed linear functional form).
A third limitation is that the model assumes irrigation farms purchase all water inputs at market value (i.e., buy allocations on the water market). While this assumption is consistent with economic theory (as farmers face the opportunity cost of water) there is also value in measuring actual farm cash income which will depend importantly on each farm's water entitlement holdings.
In light of these limitations there remain several options for further refinement of the model:
• More flexible functional forms could be employed, either parametric, semi-parametric (e.g., locally weighted least squares) or non-parametric. This might also involve relaxing the currently imposed profit maximisation constraints. Such an approach is dependent on having sufficient sample sizes, but could become more feasible over time as additional years of farm survey data become available.
• Another option is to supplement ABARES farm survey data, with farm level data from the ABS agricultural census and surveys. This may be possible in future through ABS-ABARES data sharing agreements. While ABS data is less detailed, it could for example be used to estimate farm level water demand functions, to a higher level of precision and resolution than possible with ABARES data.
• A water entitlement and allocation trade component could be added to the model. This version of the model would specify the entitlement holdings for each farm, and in-turn water allocations available to them under the baseline scenario. The model would then determine each farms allocation trade position and their net trade costs / proceeds.
Appendix A: Model Structure
This section explains the econometric theories and calculations underlying the farm production and microsimulation models used to generate the results in this report.
Farm production model
The farm production model used in this study is based on the traditional assumption of multipleoutput profit maximisation (Chambers, 1988 , Varian, 1992 . In this study, ABARES has used the normalised quadratic (NQ) form of the indirect profit function. This flexible function is a secondorder Taylor's approximation to the underlying production function that does not impose as many restrictions on production technology as other flexible functional forms such as CobbDouglas or CES (Shumway, 1983) . It allows for global convexity to be imposed without losing flexibility, and is self-dual in that under certain conditions the production function and the normalised quadratic profit function contain the same information about the underlying production technology.
Drawing on Moschini (1988), we use the restricted NQ per hectare profit function in order to account for the differences in production responses by farm size: -vector of ( − 1) variable inputs , , , , -vectors of parameters to be estimated Applying the Shephard-Hotelling's lemma, the following input demand and output supply functions are derived as the first derivative of the restricted profit function with respect to the input and output prices -so-called the netput prices.
The output supply function for output product i (i = 1 … n) is
The negative input demand function for input h (h = (n + 1, … , n + m − 1) is
Based on production theory, the estimated profit function must satisfy four conditions: linear homogeneity, symmetry, monotonicity and convexity. Homogeneity is imposed in equations (1) (2) and (3) but cannot be tested. The symmetricity condition requires that the second derivatives of the profit function with respect to netput prices and fixed inputs are independent of the order of derivation. That means, = and = . For monotonicity, input demand and output supply estimates must be positive. For convexity, the Hessian matrix of output and negative input derivatives with respect to their prices must be positive semi-definite.
Following Shumway (1983) , ABARES estimated the system of output supply and input demand equations specified in equations (2) and (3) with the imposition of homogeneity and symmetricity. The combination of homogeneity and symmetricity makes it possible to identify many parameters of the profit and materials and services equations. Specifically, the estimation identifies vectors of parameters -, , -which are used to calculate changes in farm-level and aggregate economic performance in response to changes in water prices.
Following Huffman and Evenson (1989) , the coefficients on the netput prices in the materials and services equation can be derived based on the estimated coefficients in the system. The negative input demand for the normalised input can be expressed as follows:
Combining equations (1), (2) and (3) into (4), we get:
Marginal effect of the normalised input price to the output:
Marginal effect of the normalised input price to the input:
Marginal effect of other netput prices on the demand for the normalised input:
The own-price marginal effect on the normalised input is:
The elasticity of output to the netput price:
= (10)
The elasticity of input to the netput price
The elasticity of output and input to the normalised price
The elasticity of the normalised input to the price of the netput:
The own-price elasticity of the normalised input:
Microsimulation model
The estimated parameters for the input and output functions for each industry are used to simulate the effects of a 30 per cent increase in water allocation prices using farm-level survey data. This involves comparing results from the price increase scenario (s1) with the baseline scenario (s0). 2014-15 water prices are assumed in s0, while s1 assumes 2014-15 prices are 30 per cent higher). The farm-level estimates are then aggregated using survey weights to obtain aggregate changes at the industry level.
Changes in farm-level economic performance in response to changes in water price
Changes in output
Level change in output:
is the normalised price of water c iw is the marginal effect of water price on output or negative input i
Output level under the policy change scenario:
Percentage change in output:
Changes in input
Level change in input
Level change in the normalised input (materials and services)
∆ + = ∑ −∑ ℎ ℎ + −1 =1 =1 + = ∑ + −1 =1 0 (19) P 0
is the price index of materials and services
Input level under the policy change scenario:
Percentage change in input:
Profit change
Changes in inputs and outputs due to a change in water price also lead to a change in total profit. ABARES defines total profit as the difference between total revenue and total cost, including the implicit cost of water. As a result, the analysis assumes that farmers pay for water use at the market price, rather than just for the cost of delivering water.
Level change in total profit:
Profit under the policy change:
Percentage change in profit:
Changes in aggregate economic performance in response to changes in water price
This section details how changes in input, output and profit can be aggregated from farm-level estimates to create industry level estimates.
Aggregate changes in output/input quantities, profit:
Aggregate change in output/input
Level change in aggregate output:
∆q i is farm i output/input change n is the number of farms in the region/the whole sample
Total aggregate output/input under the policy change scenario
q i,1 is farm's i output/input under the policy change scenario
Percentage change in aggregate output/input %∆Q = ∆Q * 100/Q 1 (27)
Aggregate change in total profit:
Level change in profit:
∆Π is the aggregate change in output/input at region level
Total output/input under the policy change scenario:
π i,1 is farm's i output/input change under the policy change scenario
Percentage change in aggregate profit:
Appendix B: Parameters
The farm microsimulation model outputs mean marginal effects for outputs and inputs in each industry. These give the average change in the use of an input or the production of an output in response to a change in the price of a given output or input.
On a per hectare basis, marginal effects are the same for all farms within an industry but are multiplied by farm size to give each farm a unique response in the dairy and horticulture industries. Tables 9 -12 below, provide the mean marginal effects after accounting for farm size for each input and output in each industry. Appendix C: Elasticities
Price elasticities
The estimated parameters can be used to derive price elasticities for inputs and outputs, which measure the percentage change in an input or output in response to a percentage change in price. Elasticity values for each of the industries are shown below in tables 13 -16.
In most cases the responses of farms to changes in prices do not conform to prior expectations. Firstly, not all of the own price elasticities for outputs are positive. According to economic theory, when the price of an output goes up, we should expect farms to produce more of that output. Secondly, many of the own price elasticities for inputs are also positive. According to theory, when an input price goes up farms should use less of that input, not more.
Cross price elasticities
Cross price elasticities also do not always align with expectations. This is particularly the case where statistically significant relationships could not be found. For example, the estimates suggest that an increase in the price of water will lead to small increases in pome fruit and wine grapes on horticulture farms. Such effects could in theory be the result of input substitution on horticulture farms with multiple activities but this is unlikely to be the case in reality.
Some of the cross-price elasticities are more reassuring. In the dairy industry, there is substitution between water and fodder (when the water price increases dairy farms demand more fodder and less water). For outputs in the broadacre industries, there is generally a substitution effect between crops and livestock, with livestock production increasing as crop prices decrease. There is a similar substitution effect between milk and dairy cattle on dairy farms. Appendix D: Validation results Table 17 shows the regression R-squared (per hectare) and level R-squared values. As the broadacre industry regressions are not run on a per hectare basis, only the level R2 values are included. R-squared values provide an indication of the predictive ability of a model, with an Rsquared value closer to 1 indicating that the model has greater predictive ability. As would be expected, R-squared values are generally higher for the level variables than the per hectare variables.
R squared
The model has lower predictive ability for equations with dependent variables that contain a large number of zero observations, for example labour use and rice production. In these cases the model struggles to accurately predict zero production and will generally over estimate. 
Monotonicity
Monotonicity measures the degree to which the model satisfies the theoretical assumption that production responds in a consistent way to changes in prices. This is measured by the percentage of predicted values for each regression which have the expected sign -positive for outputs and negative for inputs. Monotonicity results are presented in table 18, below.
In most cases, regressions satisfy monotonicity conditions over 90 per cent of the time. Again, the horticulture industry performs most poorly, satisfying monotonicity conditions less than 60 per cent of the time for the pome, citrus and stone fruit regressions and less than 50 per cent of the time for the vegetable regression. 
Convexity
Convexity refers to the extent that own-price elasticities have the expected sign -positive for outputs and negative for inputs. For outputs, this implies that as the price of the output increases, the quantity of the output produced will also increase. The opposite is true for inputs, with increases in price expected to lead to a decrease in use.
For most industries, the sign of own-price elasticities are contrary to expectations. Convexity is not satisfied for the pome fruit, stone fruit, wine grapes, other horticulture and labour regression in the horticultural industry, for other broadacre (including wheat), and labour regressions in the broadacre (non-rice) industry, for the rice and other broadacre regressions in the broadacre (rice) industry and for the milk and dairy cattle regressions in the dairy industry.
The overall convexity of inputs and outputs within an industry can be evaluated by looking at the Hessian matrix using Cholesky parameterisation (Lau 1976) . Convexity conditions are satisfied if the Hessian matrix is positive semi-definite. None of the industries yield a positive semi-definite Hessian matrix. Though this appears poor, it is not entirely unexpected as convexity conditions are often not satisfied in applied econometric studies. Moreover, in almost all cases where convexity is not satisfied, the elasticities are not statistically significant. This implies that the model was not able to find a relationship between the quantity of the variable purchased and the price.
